In this work, copper sulphide thin films were deposited onto microscope glass slide by chemical bath deposition technique. The tartaric acid was served as complexing agent to chelate with Cu 2+ to obtain complex solution. The influence of pH value on the surface morphologies of the films has been particularly investigated using the atomic force microscopy technique. The atomic force microscopy results indicate that the CuS films deposited at pH 1 were uniform, compact and pinhole free. However, the incomplete surface coverage observed for the films prepared at high pH (pH 2 and 2.5) values.
INTRODUCTION
The synthesis of nanocrystalline metal chalcogenide thin films is currently attracting considerable attention because these films have been used in many fields such as solar cells, photoconductors, laser materials and sensor materials. Metal chalcogenides of interest include metal selenide, metal telluride and metal sulfide nanostructures have been successfully synthesized by a variety of deposition techniques as reported by many researchers. . Copper sulfide belongs to the II-VI family of semiconducting material. It is prepared by various deposition methods such as spray pyrolysis 27 , successive ion layer adsorption and reaction method 28 , photochemical deposition 29 , electrodeposition 30 and chemical bath deposition 31 . Among these techniques, the chemical bath deposition method is hugely attractive. The main advantages of the chemical bath deposition method are low cost, low temperature, simplicity in instrumental operation and easy coating of large surfaces.
In this paper, I repor t the surface morphologies of copper sulfide films obtained by chemical bath deposition method at various pH values.
MATERIALS AND METHODS
The microscope glass slides were used as the substrate for the chemical bath deposition of copper sulfide thin films. Before deposition, the glass slides were degreased with ethanol, ultrasonically cleaned by de-ionized water, and finally dried in an oven at 90°C. Aqueous solutions of copper sulfate, thiourea, tartaric acid and hydrochloric acid were used for copper sulfide films deposition. Firstly, 25 mL of copper sulfate (0.15 M) solution and 25 mL of tartaric acid (0.15 M) solution were mixed and stirred for several minutes to get a homogeneous solution. Thereafter, 25 mL of thiourea (0.15 M) solution was added under stirring condition. Finally, hydrochloric acid solution was added to make the solution acidic and the pH was adjusted from 1.0 to 2.5. A glass substrate was then placed vertically inside beaker without disturbing it. The deposition was conducted at 80°C for 2 hours. After completion of film deposition, the glass slide was removed from the beaker and was cleaned with de-ionized water, and finally dried in air for further characterization.
In this work, the surface morphology, thickness and surface roughness were examined by recording atomic force microscopy images with a Q-Scope 250 in contact mode with a commercial Si 3 N 4 cantilever. Values of root mean square (RMS) roughness were calculated from the height values in the atomic force microscopy images using the commercial software.
RESULTS AND DISCUSSIONS
Chemical bath deposition of copper sulphide thin films prepared at various pH values ranging from pH 1.0 to 2.5. The analysis of the surface morphology was carried out using atomic force microscopy (AFM) with a scan range of 20 X 20 µm. The films are compact, pinhole free with spherical grains and the films are well covered on the substrate for the films prepared at pH 1 ( Figure  1 ) and 1.5 ( Figure 2 ). The sizes of grains are about 2-2.5 µm at pH 1 and 4-4.5µm at pH 1.5, respectively. But, copper sulfide thin films prepared at pH 2 have not covered completely on the surface of the films and have some large particles on the films as seen in Figure 3 .
In this work, I can find the film thickness using the AFM images. The results are presented in Table 1 . It was observed that the thickness of the film was controlled by the pH adjustment. The thickness of the film was increased with increase in the pH of chemical bath up to 2. For further increase in pH, the film thickness was reduced.
The surface roughness of the thin films was studied with AFM technique. Root mean square (RMS) roughness is defined as the standard deviation of the surface height profile from the average height, is the most commonly reported measurement of surface roughness 32 . The surface roughness values of 0.80, 2.18, 47.02 and 0.78 nm have been observed for samples prepared at pH 1, 1.5, 2 and 2.5, respectively ( Table 2 ). The surface roughness is unavoidable since grains were grown with different sizes and spherical in shapes.
CONCLUSIONS
Chemical bath deposited copper sulfide thin films were prepared in an aqueous solution by using controlled pH value (in the range of 1 to 2.5). Experiment findings show that smooth and smaller grain sizes of films were obtained in pH 1. Atomic force microscopy images showed that the film thickness in a range of 5.8 to 685.9 nm in various pH solutions.
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